
A major purposf~ of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information
DOE’s Research and
13eports to business,
academic community,

contained in
Development
industry, the
and federal,

state and local governments.
Although a small portion of this

report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.



LA-UH -H%1466

JUN O 7 1!389

L(M A:amos Nauonal LdbCwalOrv ,s operated by Ine Unwefwly 01 CaIIIorma for the IJnMCl SImItS Deparlmonl of Energy und~~ L )nlrlicl W. 7405 ENG.36
.

LA-UR--89-1466

DE89 012598

TITLE ,iral Symmetry and Confinement

AuTHOR(S) T. Goldman, T-5

SUBMITTED ~0 Proceedings of Lhe Cell-Mann Festschrift, held at

CalTech, Pasadena, CA, January 26-29, 1989

DIS(’I.AIMER

nnlos Los Alamos Nahonal Laboratory
Los Alamos,New Mexico 87545

!,\ I r.m ~’lJt. f.llTEl)
1? 1

‘Nkl(
Ii

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



CHIRAL SYMMETRY AND CONFINEMENT

T. Goldman

Theoretical Division

Los Alamos National Laboratory

Los Alamos, NM 87545

Two principle features undarlla the appearance of (approximate) chiral

symmetry in hadronic systems. The first is that the conven~ion+sl Dirac

bispinor description of massless quarks hides the fact that this objece is

a direct sum of inequivalen~ representations of the Lorentz group, In a

standard notation:

R\lj] - (j,m + ((+ (1)
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In the charged, bu~ massless, case, however, this lase constraint

vanishes, due (in one way Qf describing it,) CQ the.absence of a rest frame

in which to implement it. The pha~e loses physical meaning, and this fast

is reflected in the chiral phase freedom (invariance) of the two (now

urrelated within the proper Qrthochronous LQrentZ group) components.

Spontaneous chiral symmetry breaking <xSB) destroys this invariance by

coupling the twc representations by a scalar field vacuum expectation value

{vev) ,

The second essential feature is that the dynamics must be chiral

invariant as well. QCD satisfies this requirement by coupling equally co

left and right chirai projections of the (nominally vecto?) color current

(V+A) and so, to the separated components of the Dirac bispinQr,

(Conversely, tha weak interaccicms explicitly vialate chiral ~ymmetry evan

without the formation of quark masses via the vav of Phe tiiggs’ scalar, \

(Chiral svmrnetrv breaking, however, is now guaranf:eecl: The attraction in

th~ color singlet. Lorentz scalar channel between mas$less quark and

-tl~fit~uarkmust r~duca the lnvariint mass-squared of the lowest stat- below

~l]r thresl)old v~iue of zero, The resultlng tachyonic v~l~~es describe i~t}

unst,tble vac\Ium at zero vev, A conundrum cured by developing a quark vacuum

i(.il[;(etlsa:e ‘rhe resulting ~lf”fective[.~~grangianof qu~rk composllp meson
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(2)

where terms with higher powers of momenta and fields F.ave noc been written

out explicitly’,
and ‘ijk

are che scrue~ure constants of ehe flavor group.

L%en the ,Yfield is shifted bv the VEV,

(l-@- <0>

Lq can be rewritten as

I. . ...
2+ O(X m

q J ‘2
+ q ) + .+, + kinetic + .,., (3C)

‘L’herewe have explicitly noc~d the masslessnstss of the pseudoscalar

tcomposice) bosons which has developsd in accordance with the Coldstone

theorem In addltlon instanrons conerlbuce a term of the form

([, )
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physical color elec~ric (Ea) and magnetic (Ba) fields in ehe covariant

stress tensor (G&) and its dual (~$’) accually fill out a representation

with the same structure as R[$] in Eq, (1).

Tha phase freedom between the two three-component representations has

been implicitly recognized by the separation of solutions of the

(covariant, source free) field equacionta into self-dual and anti-gelf-dual

components , Thus, unless one refers to the underlying (1/2,1/2)

representation, there is no Majorana-like constraint that may be imposed on

Eq, (3). As iIIelectrodynamics, the needed self-conjugacy can only be

imposed by ruling out (independent) point magnetic (or electric) sources,

with their opposing properties under parity, [Nor, obviously, is there any

mass term to produce a Dirac-like constraint. ]
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singlet qua:”u and antiquarks, is weaker than for the color singlet

combination of gluons.

As for quarks, this binding of massless objects must resolve its

tachyonic tendencies by development of an SU(3) color singlet VZV.

Paralleling ehe quark notation, the effective Lagrangiarl of the (gluonic)

composice meson states can be written as

2
‘G -+P

2
8

so * iP +r 2Z s*+iP*
o a

a-1

[1 2
8

H

:
X1 so + iPo + f2 z Is + iPa*

a-1 [ a

-x*x
a

+ klnet!c terms + . .

2

(6)

where (’reflects the effect of the difference in U(1) a;~dSU(3) strengths

(and possible mixings with qficolor octet components) refe~”rcd to above.

As for the quark composite stntes, when So 1s shifted by the vev

i1.’1)

f !’1))
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2 + 2 Pa2) + kinetic + ...
‘G- ’”’+o(po ~ (7C)

Note here that despite the separation of the U(1) faceor, &he pseucioscalar

bosons all remain massless.

An addition

integrating over

corresponding to the instanton term now requires

stationary (classical) quark configurations. These are

not known to exist, If they did, however, their effects would be similar

to that above: the value of <S.> would be shifted, and P. would become

massive.

Th se two sectors (2) and (6) would remain isolated, for massless

quarks, due to the properties of perturbative QCD. However, non-

perturbative effects, such as those produced by instantons do coupls the

two chiral sectors. That is, while a massless qua:k may not perturbatively

annihilate with its antiquark to produce two gluons, instantons couple a

1 0) to an antiquark from (0,~), Thus, gluonic fluctuationsquark from (2,

colipled to the instanton are, in turn, coupled to a massless quark-

antiquark pair in a J-O state (among other). This allows spontaneous xSB

from each sector to infect the other. To wit, we must add a term like



+ ~(o~+ z-7r - “2)2(S2

j;
+2 P2-h2)

o
a

a
(9),

the total effective potential in the u, m. , S~, Pa field space. If the
J

quark sector were isolated, v - <u> would occur and similarly for an

isolated gluon sector. In the mixing term, we allow W*V, h+g for full

generality, and h-w-O could also occur. Note that the A and x must be

positive, although the sign of # is not determined in (9).

ChJr argument is that o and So, since they have the same quantum

numbers , and mix as argued above, form a system like the two real

components of a co,,tplexHigg’ scalar; The effective potential in u, S
o

space forms a trough surrounding tne origin, and only a specific

combination acquizes a vev. Let c * COSO, S _ Sir14,

o - Cz + Sy

so - - Sz + Cy

and choose

. ,?.> - A; .-y> - ()

hv definition T}Iecombination is messv, I)ut some algebra shows th;lt

(10a)

(10b)
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2
2yc2v2 + 2xs2g2 + *(S2W2 + c2h2)

<z>-
2(AC4 + Xs

4 22+*SC
(12),

2
which fixes A2 = . <z> - <Z2>. Of course, we must also have &JT/6’y - 0 at

che same point. ‘Ibis fixes the angle 6 via

2A(c2A2 - V2) + Wg2 - S2A2) + $(W2 - h2 + [S
2

- C2]A2) - 0 (13)

It is then straightforward to show that

2
- 2AS2(3C2A2 - V2) + 2XC2(3S2A2 - g2)

‘Y

+4{((C2 - S*)2
- 2C2S2]A2 - (C2W2 + s2h2)} (14)

2 2
Note that m

*O-mPa
in the general case. This occurs because the

‘j

mixing is entirely in the U(i) sectors.

Returning

usual way, but

matrix for the

and the masses

to the u and So, we recognize that both acquired mass in the

that the y-term induced off-diagonal terms in the mass

two fields, The case w-v, h-g is a little easier to follow,

of the eigenstates are then:

2
8(Av4 + *g2v2 + Xg

m -
z 22v +g

7
8(A - # t x) g2v(’

m -
? 2 2v +13

(15a)

( 1’)1))
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Whether or not the lower mass state is composed mostly of glue or of

quarks now depends on the detailed parameter values. It is apparent,

however, that a 50%-50% mix is quite reasonable. tienote in passing that

this has significant consequences for the interpretation} of the value of

the u-term of the purely quark model analysis.

We conclude wish some comments regarding the Pa-states. Their

masslessness is, of course, not a problem, since they are presumably

colli~nedby the usual color confinement mechanism. In this regard, they

almost solve the confinement problem, For if it were only the Sa-scalars

which were mtissless,the t-channel exchange of such a color octet between

s-channel (say [heavy] c{uarkand antiquark) sources of color would indeed

provide a scalar potential. Since the effective coupling to the sources is

O(o~), ic also grows at small (t-channel fou~-momentum-transfer-squared)

q2. Thus, similar conditions would apply to those Ball and 2achariasen

suggest for t-channel gluon exchanges: a massless exchanged octet with

diverging coupling, In this way, a !inear scalar potential which confines

calor (including color octet and higher representation sources, not just

quarks) could be obtained, with a color vertex structure parallel to that

of single gluon exchange,

Unfortunately, it is the pseudoscalar which are massless, the

Goldstone bosons of a chiral symmetry. It has never been suggested that

the confining potential is a pseudoscalar! A vector O(9) symmetry cf the

states would be preferable, as the So (or mixture) vev would break it to

0(8) and provide us with the desired (octet of) massless scalars. If

nothing else, the sU(3)C invariance of the determinant of the octet of

scalar and pseudoscalar glueball states explicitly violates such a
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symmetry, Thus , despite coming tzntali,zi.ngly close, we are apparently

still not able to lirk confinement to xSB in a transparent manner.
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